TABLES Continued

U.S. Geological Survey stream gaging stations in the Piedmont
Physiographic Province in Pennsylvania and Maryland where channelgeometry data was collected by McCandless and Everett (2002) 
INTRODUCTION
Stream-channel morphology is controlled by physical characteristics within a basin that vary over time. The morphology of the stream will tend toward equilibrium unless catastrophic natural events occur or the basin is disturbed by human activities. Often stream channels are disturbed by events such as these. In recent years the principles of fluvial geomorphology have been used in the construction and restoration of stream channels. Stream channels designed to approximate natural, stable conditions are more likely to remain in equilibrium. These natural, stable conditions are partially determined by measuring the relationships among selected basin, flow, and channel-geometry characteristics.
Bankfull discharge is considered to be the streamflow magnitude that is most effective in forming average morphological characteristics of channels (Dunne and Leopold, 1978) . Bankfull channel-geometry relations relate bankfull stream-channel dimensions to watershed drainage area. Once these relations are determined, they are plotted to form a curve. Such a curve may be applied to other streams with similar environmental settings within the defined region. This relation is known as a regional curve. Regional relations between bankfull discharge and the resultant channel-geometry or morphological characteristics, including bankfull cross-sectional area, width, and average depth at stream riffle sections, are important tools for designing and restoring stable stream channels. Studies have shown that bankfull channelgeometry characteristics of crosssectional area, width, and average depth are highly correlated with drainage area (Dunne and Leopold, 1978) .
The primary purpose for developing regional curves is to aid in identifying bankfull stage and dimension in an ungaged watershed and to help estimate the bankfull dimensions and discharge for natural channel designs. Although, channel-geometry relations or curves can be determined for individual projects, a more economical and possibly more representative approach is to develop curves representing regional conditions. These regional curves should have broad applications in the areas they represent.
Purpose and Scope
This report includes a compilation and evaluation of available channelgeometry data, regional curves, and metadata developed by the U.S. Geological Survey (USGS) and other entities for the Mid-Atlantic Highlands in Pennsylvania, Maryland, Virginia, West Virginia, and adjacent areas. Assessments of data are limited to information available through May 2003. This report also evaluates USGS stream-gaging networks for use in calibrating regional channel geometry curves within the study area.
Description of the Study Area
The study area discussed in this report consists of the Mid-Atlantic Highlands (Corey Anderson, Canaan Valley Institute, written commun., 2003) and includes most of Pennsylvania, western areas of Maryland and Virginia, and all of West Virginia ( fig. 1) . The Mid-Atlantic Highlands includes areas in the Appalachian Plateaus, Coastal Plain, Valley and Ridge, Blue Ridge, and Piedmont Physiographic Provinces (Fenneman 1938) .
ASSESSMENT METHODS AND CRITERIA
Methods used to assess available channel-geometry data include a search of the world-wide web, verbal and written requests for information, and review of historical data from USGS gaging stations. A web search found data and results of completed and ongoing regional-curve studies in the MidAtlantic Highlands. In addition to the web search, an information request was sent to 78 entities identified as potentially having regional-curve data (table 1) . Requested information included gage-selection criteria, calibration methodology, QA/QC (quality assurance and quality control) procedures, documentation for the data compiled, and the name of the organization that collected the data. Figure I . Location of the Mid-Atlantic Highlands physiographic provinces and sections in Maryland, Pennsylvania, Virginia, and West Virginia. fig. 2) . The following criteria were used for this assessment:
The site was located at a USGS gaging station.
The site was on a stream with drainage located primarily in one physiographic province.
The gaging station had 10 years or more of data for annual peak flows ending after 1985, or before 1985 if the basin has not experienced significant land-use changes.
The site had a drainage area of less than 250 mi2.
The drainage basins had less than 20-percent urban land use.
Less than 20 percent of the drainage area had regulated flow.
The site had minimal effects from inter-basin flow (flow into or out of basins due to drainage ditches and strip benches related to mining or through solution channels in karst areas).
Only six gaging stations with less than one mi2 drainage area are identified (table 3) , and there are no gaging stations in the Piedmont physiographic f~\ province with less than one mi drainage area ( fig. 3 ). Gages with less than one mi2 drainage are considered desirable for increasing the accuracy of regional curve development. Many of the gaging stations identified in the tables did not collect continuous streamflow record, especially those with drainage areas less than about 50 mi2. Typically, these noncontinuous gaging stations have stagedischarge relations determined by theoretical methods with few measured discharges. More continuous gages with drainage areas less than about 50 mi2 could provide more accurate stagedischarge relations because more measured discharges would be required ( fig. 3 ). Greater accuracy of stagedischarge relations could result in better determinations of bankfull discharge. (2003), Everett (2002, 2003) , and White (2001) . 209  210  211  212  213  214  215  216  217  218  129  130  42  132  133  134  219  220  221  222  223  224  225  226  227  228  229  231  232  235  236  237  238  241  243  244  245  246  247  248  249  250  251  252   3056250  3057500  3061500  3062400  3062500  3066000  3068610  3069000  3069880  3070500  3073000  3074500  3075500  3080000  3102500  3108000  3113700  3114550  3114650  3151400  3152200  3152500  3153000  3154000  3154250  3154500  3155450  3180350  3180500  3183000  3185000  3186500  3187000  3189000  3191500  3195100  3195250  3195600  3198450  3201000  3201410  3202480  3202750 (written commun. 2003 ) and reviewed. Data for all but one site in this study met the assessment selection criteria. The data not meeting the selection criteria were eliminated because less than 10 years of annualpeak flow record were available.
USGS GAGING STATIONS
EXPLANATION
Regional curves were developed by Dunn and Leopold (1978) , applicable to different regions of the United States. Data used for development of those curves were not assessed as part of this study because the publication date was before the 1985 date used as an assessment criterion to limit the effects of landuse changes. Regional curves have been developed by the North Carolina Stream Restoration Institute for areas adjacent to the study area (http://www.ncsu.edu/sri/regional.htm). These curves were not assessed as part of this study because the information is not within the study area and has not been peer reviewed or published.
Pennsylvania Stream Surveys
The Pennsylvania District of the USGS conducted two studies in the Piedmont Physiographic Province in Pennsylvania and part of Maryland. Data was collected and relations between drainage area and stream discharge and channel-geometry dimensions were developed. The first study collected information in only the Lowland Sections of the Piedmont Physiographic Province (table 4) . The results of the first study were published by White (2001) in the USGS report, "Regional Curve Development and Selection of a Reference Reach in the Non-Urban, Lowland Sections of the Piedmont Physiographic Province, Pennsylvania and Maryland." The second study collected additional data in the Uplands Sections of the Piedmont Physiographic Province (table 5) . The results of the second study were published by Cinotto (2003) in the USGS report, "Development of Regional Curves of Bankfull-Channel Geometry and Discharge for Streams in the Non-Urban Piedmont Physiographic Province, Pennsylvania and Maryland." The curves from the second study supercede those developed in the first study.
Identical field methods, (Leopold, 1994 and Rosgen, 1996) were used to collect data for both studies. The reports identify deviations from these protocols specific to particular gages. Quality assurance was provided by collecting information at gaging stations. Streamflow measurement data, relations between stage and discharge, annualpeak frequency analyses, and stream profiles of bankfull, water surface, and streambed were used to assure that field indicators for bankfull stage were accurately identified. A calculation of bankfull discharge, using channel roughness determined from a pebble count for application of open-channel flow equation, was compared to the relations between stage and discharge at the gaging station to assure that bankfull was properly identified.The first Pennsylvania study used a criterion of no greater than 20-percent urban land use and the second study used a criterion of no greater than 25 percent. Only one site, Chester Creek near Chester (01477000), exceeds the less than 20-percent urban landuse assessment criterion; this station had 23-percent urban land use. It is included in the streamflow network for possible use in developing regional curves for the Mid-Atlantic Highlands ( fig. 2, table 5 ) because it is located within the study area and the information has been reviewed and published. However, data for this station should only be used for developing regional curves if the filtering criterion for urbanization is changed from the less than 20-percent urban land use assessment criterion to a criterion of less than 25 percent.
Maryland Stream Surveys
The Chesapeake Bay Field Office of the U. S. Fish and Wildlife Service (USFWS) surveyed streams at selected USGS gaging stations in three physiographic provinces in Maryland to develop quantitative regional relations between drainage area, and stream discharge and channel-geometry dimensions. The results provide basic information to reduce impacts to streams from road crossings, develop improved stream channel restoration designs, and evaluate stream channel conditions. The first physiographic province surveyed was the Piedmont (table 6) . The results were published by McCandless and Everett (2002) McCandless and Everett (2002, and 2003) developed field protocols, survey methods, and gage selection criteria for both studies on the basis of Annable (1994) , Harrelson and others (1994) , Leopold (1994), and Rosgen (1996) . Gage selection criteria included stations with at least 10 years of data for annual peak flows. Some station records for peak flows ended before 1985, but ratings were confirmed at these sites by making streamflow measurements. Drainage areas were less than 250 mr, although this was not identified as a selection criterion. Drainage basins were identified as unregulated, which met the less than 20-percent criterion, and there were minimal effects from inter-basin flow.
Data published by McCandless and Everett (2002) in the report, "Bankfull Discharge and Channel Characteristics of Streams in the Piedmont Hydrologic Region," were collected from 23 USGS gaging stations in the Piedmont Physiographic Province of Maryland ( fig. 2, table 6 ). (01581700) with 23 percent. All of these stations are located in the Piedmont Physiographic Province, outside the Mid-Atlantic Highlands. These stations have been retained in this report because the information has been reviewed and published, but data for these stations should be used for developing regional curves only if the overall filtering criterion for urbanization is changed. USGS gaging stations were used as sampling sites to provide QA/QC for determining bankfull discharge. Streamflow measurements, relationships between stage and discharge, annualpeak frequency analyses, and stream profiles of bankfull, water surface, and streambed elevations were used to assure that field indicators for bankfull stage were identified accurately.
Upper Knapp Creek Watershed, West Virginia
Geomorphology data were collected by Rocky Powell of Clear Creek Consulting at seven sites in the Upper Knapp Creek watershed in West Virginia (Canaan Valley Institute, written commun., 2003) . Six of these sites are identified in this report ( fig. 2,  table 8 ). One site was eliminated because it did it had less than 10 years of annual-peak flow record. Quality assurance for determining bankfull was provided by collecting information at USGS gaging stations. Streamflow measurement data, relations between stage and discharge, annual-peak frequency analyses, and stream profiles of bankfull, water surface, and streambed elevation were used to assure that field indicators for bankfull stage were identified accurately.
SUMMARY
Stream channels often need to be reconstructed because of disturbance by human activities or natural events. Channels are more stable when designed in accordance with the natural tendencies of rivers. These designs require basic information on stream characteristics, bankfull discharge, and channel-geometry or stream-morphology characteristics.
The assessment of available geomorphology studies through May 2003 revealed the need for additional geomorphology data in the Mid-Atlantic Highlands of Pennsylvania, Maryland, Virginia, and West Virginia. There is very little documentation of bankfull discharge and channel-geometry characteristics of streams in the physiographic regions within the study area.
Four published reports and one unpublished study were located and assessed against criteria that included a minimum of 10 years of annual-peak flows ending after 1985, or ending before 1985 if the basin has not experienced significant land-use changes, drainage areas of less than 250 mi2, drainage basins with less than 20-percent urban land use, drainage basins with flow regulated from less than 20 percent of the drainage area, and with minimal effects from inter-basin flow. Among the information available, one station did not meet the 10 years of annual-peak flow criterion and nine stations did not meet the less than 20-percent urbanization criterion.
A list of stream gaging stations in the Mid-Atlantic Highlands that meet the selection criteria was prepared, and those with available channel-geometry data are identified. There is a dearth of continuous gages with drainage areas less than 50 square miles, and only six gages with a drainage area less than one square mile. This poses a problem since many of the restoration projects are on small streams. Therefore, additional continuous gaging stations with drainage areas less than 50 mi2 could result in better estimates of bankfull, and additional gages with drainage areas less than one mi2 could improve the accuracy of regional curves.
